Powder of the cathode material, was prepared by emulsion method and calcined at 800 for 48h in air. The calcined powder showed a spinel structure and a spherical morphology . The average particle size and the specific surface area were 0.17m and 34m2/g, respectively.
Introduction
More than 200 materials have been evaluated for using as positive electrodes of secondary batteries1)4) over the past two decades. Of these, LiMn2O4 was found to be most promising materials from the viewpoint of the specific capacity, toxicity and cost. Lithium ion batteries consist of a high voltage intercalation compound as the positive elec trode and lithium metal as the negative electrode in elec trolyte. The rechargeable capacity of LiMn2O4 is 100-130 mAh/g that is comparable to that of LiCoO2. LiMn2O4 is easy to prepare and less expensive than LiCoO2 and LiNiO2. But, the discharge capacity of LiMn2O4 is decrseas ing with increasing number of charge-discharge cycle. Then, Mn site was substituted with nickel in the LiMn2O4 to improve chargedischarge capacity with cycling. Various methods for preparing the LiMn2O4 compound have been reported, such as solid state reaction,5), 6) sol-gel process,7) ultrasonic spray method.8) Emulsion method is that organic phase divide mixed metal salt solution into fine droplets by high speed. All of these divided fine droplets, that is, emulsion have sphere in shape and homogenized composi tion. It is considered that these emulsions could be easily decomposed, reacted and synthesized to crystalline solid by calcination at proper temperature. This emulsion method will be more preparable to synthesis of spinel LiMn2O4 powders than any other process. In this study, the quater nary spinel phases LiNixMn2-xO4 powders substituted with nickel were prepared to improve the cycle life of LiMn2O4 b y emulsion method and examined their electrochemical properties. Aqueous solutions of each starting material were mixed on the magnetic stirrer for 24h. Span 80 (5 v/v%) for the surfactant, kerosene (92v/v%) for solvent and paraffin oil (3v/v%) for emulsifying agent were mixed on the magnetic stirrer for 24h to prepare organic phase. The mixed aqueous solution and organic phase were mixed in the ratio of 2:1 and emulsified at the speed of 4000rpm for 5min. The prepared water-in-oil type emulsions were dropped into the petroleum heated at 170 to evaporate water9), 10) in the silicon oil bath and dried at 120 in the oven. Thermal analysis of emulsion derived powders was carried out with heating rate of 10/min using DT-TGA. As-dried powder of LiNixMn2-xO4 was calcined at 300 for 43h in air with heating rate of 5/min and cooling rate of 1/min.
Experimental
The calcined powders were examined by X-ray diffraction (XRD: Rigaku, D/MAX-111A) operating at 40 kV, 30mA, scanning speed of 4/min with CuK radiation. The shape of powders and microstructure were observed b y scanning electron microscope (SEM; JEOL, JSM 6400). Surface area was measured using BET apparatus (Quantachrorne, Quantasord).
The electrochemical properties of samples were tested at room temperature with half cell in Li metal/electrolyte 1M LiPF6-ethylene car bonate (EC) and dimethyl carbonate (DMC) (1:1 in volume)/cathode material. The positive electrode consists of LiNixMn2-xO4 powder, acetylene black as conductor and PTFE as binder at the ratio of 89:10:1 by weight. These materials (45mg/cm2) were pressed onto an Al mesh cur rent collector with pressure of 3t/cm2 to disk with 12mm in diameter. Lithium foil and glass microfiber filter (GF/A, Whatman) were used for anode and separator, respective ly. The cells were automatically charged and discharged in the range of between 3.0 and 4.5V at 1mA/cm2 for 30 cycles and in another range of between 4.2V and 5.0V in order to examine high voltage properties at 1mA/cm2 for 1 cycle.
The DT-TGA curves of as-dried LiNi0.05Mn1 .95O4 powder prepared by emulsion method are shown in Fig. 1 . In the range of 200-400, there are two exothermic peaks and one endothermic peak between two exothermic peaks. Another endothermic peak was shown at 957. Two ex othermic peaks were due to the oxidation organic sub stances such as surfactant, kerosene and paraffin oil. One endothermic peak at 250 was due to the decomposition of Mn(NO3)26H2O and the other endothermic peak at 957 was due to evaporation of lithium. The emulsion derived LiNi0 .05Mn1.95O4 powders were calcined at 600-970 for 48h. The XRD patterns of LiNi0 .05Mn1.95O4 powder calcined at various temperatures are shown in Fig. 2 . The as-dried powder was amorphous. Spinel and Mn2O3 phase were formed at 600. As calci nation temperature was elevated, spinel phase was in creased but Mn2O3 phase was decreased. Single phase of spinel was formed at 800, but Mn2O3 phase was appeared at 960 again. This result was accordance with the en dothermic peak at 957 in Fig. 1 . Therefore, it is consi dered that deficient lithium ion due to lithium evaporation in LiNixMn2xO4 caused Mn2O3 formation at this tempera ture. Then, all of these LiNixMn2xO4 powders with various x were calcined at 800 for 48h.
The SEM photographs of LiNi0 .05Mn1.95O4 powder dried and calcined at 800 were shown in Fig. 3 . The shape of all powders was spherical. The average particle size and specific surface area of dried powders were 0.5m and 6.3 m2/g and that of calcined powders at 800 were 0.2m and 3.3m2/g, respectively. Figure 4 shows the XRD patterns of calcined powders with various x. The XRD peaks of calcined powders showed single spinel phase at nickel content below 0. Figure 5 shows the lattice constant calculated from (400) peak of LiNixMn24 powders, diffracted in the condition of scan speed of 0.125/min. As x was increased at nickel content below 0.1, the manganese ion oxidation state in creased to maintain the electronic charge compensation of the material by replacing manganese ion in the octahedral (16d) site with nickel ion. The composition substituted with Ni2+ could be written as LiNix2+Mn12xMn+x4.11 Therefore, Mn4+ ion was increased, as the amount of nickel ion increased in the spinel structure. Then, the lattice con stant was decreased, because Mn4+ (0.053nm) was smaller than Ni2+ (0.069nm) and Mn3+ (0.0645nm) For x0.1, the lattice constant was decreased a little with increasing x. It is considered that solid solution was saturated in the spinel structure at nickel content, x=0.1. Therefore, Li2MnO3 phase was shown above x=0.1 in Fig. 4 , because excess nickel reacted with LiNixMn2xO4 to form Li2MnO3 structure. Figure 6 shows the discharge curves of the first cycle for LiLiNixMn2xO4 cells with various x. For x=0.0 and 0 two plateau ranges were shown about 4.1V and 3.9 V during discharge process. It is considered that two different cubic phases coexist in the spinel structure. Nevertheless, as nickel content was increased, two plateau ranges became one gradually. Namely, it means that only one cubic phase was formed. But, the discharge capacity was decreased with increasing x, this result was explained as follows. First, the inactive lithium ion was increased with increasing x in the spinel structure after full charge of LiNixMn2xO4.12 At this time, nickel ion was remained of divalent until 4.5V13) as reported previously. Then, it could be written as Li2xNix2+Mnx4+O4. It is concluded that only (12x) lithium ion could be deintercalated and intercalat ed during charge and discharge processes. Second, the phase of Li2MnO3 in the spinel structure was increased with increasing x. Lithium ion was not intercalated in Li2MnO3 structure at 4.0V. Therefore, the initial capacity was reduced with increasing x. Figure 7 shows the diagram of the discharge capacity vs. cycle number of LiLiNixMn2-xO4 cells with various x. The discharge capacity of LiMn2O4 cathode material was dropped from 123.7mA• h/g to 93.7mAh/g steeply after 30 cycles. LiNi0.0125Mn1 .9875O4 with small amount of nickel was similar to that of LiMn2O4. But LiNixMn2-xO4 substit uted with nickel above x=0.025 improved the cycle life. It is because the change of the unit cell volume of LiNix Mn2-xO4 spinel structure with increasing x decreased gradually during intercalation and deintercalation. It is ac cordance to the change of lattice constant with various x in Fig. 5 . Namely, the reduction of the unit-cell volume with increasing x was accompanied with hardening spinel struc ture and a decreased Jahn-Teller's effect. Then, LiNix
Mn2-xO4 spinel structure substituted with nickel was des troyed more slowly than LiMn2O4. Therefore, the cycle life of discharge capacity was improved with increasing x. The composition of LiNi0 .025Mn1.975O4 showed the most im proved discharge capacity and cycle life. The first and final discharge capacity was 123.4mAh/g and 110mAh/g, respectively. Fig. 6 . Initial discharge capacity of LiNixMn2-xO4 powders with various x (Cutoff 3.0V to 4.5V, current density=1mA/cm2).
The discharge curves of the first cycle for Li LiNix Mn2-xO4 cells with various x in a voltage range between 4.2 V and 5.0V at 1mA/cm2 are shown in Fig. 8 . The new plateau range showed near 4.6V. It is because Ni2+ was oxidized to N14+.13) The discharge capacity of LiNix Mn2-xO4 with x=0.05, 0.10 and 0.20 was about 15, 25 and 45mAh/g, respectively. The discharge capacity was im creased with increasing x. 
Conclusion
The result of this study are summarized as follows: (1) The powder prepared by emulsion method was fine and sphere type particle.
(2) Single spinel phase was formed at 800 for 48h in LiNixMn2-xO4 (x0.05).
(3) The lattice constant was decreased with increasing nickel content.
(4) The plateau range near 4.0V became narrow and the initial discharge capacity decreased with increasing nickel content.
(5) The composition of LiNi0.025Mn1.975O4 showed the most improved discharge capacity and cycle life. The initial and the final discharge capacity after 30 cycles was 123.4 mAh/g and 110mAh/g, respectively. (6) Another plateau range showed 4.6V and the dis charge capacity was increased with increasing nickel con tent.
